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Abstract: The COVID-19 caused significant global disruption, resulting in the closure of
many universities and colleges. As a result, educational institutions rely on technology to
create digital learning environments. In addition, the rapid transition of STEM programs to
online learning demonstrated technology's importance in education. COVID-19 resulted in
different forms of remote and digital learning using technologies like Zoom, Virtual Reality,
Google classroom, and other collaborative tools to create virtual learning environments. In
the post-pandemic era, these technologies will likely play a significant role in providing
quality education for future scientists and engineers to prepare for the fourth industrial
revolution driven by technology.
An overview of the impact of the COVID-19 pandemic on STEM education and workforce
development is presented in this research paper. Furthermore, we discussed the challenges
and opportunities associated with Artificial Intelligence (AI), Virtual and Augmented Reality
(VR/AR), the Internet of Things (IoT), and cybersecurity within STEM education.
Keywords: COVID-19, STEM education Artificial Intelligence (AI), Robotics, Virtual and
Augmented Reality (VR/AR), the Internet of Things (IoT), Cybersecurity

1.0 Introduction
Emerging technologies have proved crucial to education during the COVID-19 pandemic, and they will likely
continue to play an essential role in education after the pandemic is over. Emerging technologies include Artificial
Intelligence (AI), Robotics, Virtual and Augmented Reality (VR/AR), and the Internet of Things (IoT). The COVID19 pandemic has accelerated the adoption of these technologies in education. In STEM (Science, Technology,
Engineering, and Mathematics) education, the pandemic has significantly impacted the shift from traditional
classrooms to online and remote learning, disrupting traditional educational approaches. Learning management
systems, virtual classrooms, and other online tools and resources were utilized to deliver content and support student
learning as online learning became popular. Online and remote learning have presented educators and students with
challenges as they have been forced to adapt to new technologies and methods of delivering content and assessing
student progress and engagement, as well as students who have had to adjust to learning in new and often less
structured environments with reduced one-on-one engagement with educators (Pokhrel & Chhetri, 2021).
A key focus of STEM education is finding solutions to real-world problems, which the pandemic has also
highlighted. For example, engineers have been instrumental in developing and manufacturing respiratory masks,
personal protective equipment, and other vital resources to combat the pandemic. COVID-19 has significantly
impacted STEM education, both in terms of delivering education and focusing research and innovation. The
pandemic has also raised the importance of digital skills and competencies in STEM education since many students
must access and complete coursework online. This has resulted in STEM education focusing more on developing
and enhancing digital literacy skills. In addition, due to the pandemic, many STEM research projects and activities
have been halted or adapted to comply with social distancing requirements. Researchers have shifted their priorities
accordingly, focusing on dealing effectively with distance and online learning in light of the pandemic and postpandemic (Currie et al., 2020).
The research paper summarized the impact of COVID-19 on STEM education and highlighted the potential of
some emerging technologies in STEM education. In section 2, I summarize my research activities and STEM
education in terms of workforce development due to the COVID-19 pandemic. The third section presents the
challenges and opportunities related to emerging technologies in STEM education following the pandemic era. Finally,
the fourth section concludes the research paper.
2.0 Impact of the COVID-19 pandemic on STEM education
2.1 Impact of COVID-19 on workforce development
The shift to remote work and online learning during the pandemic made it more critical than ever to possess
digital literacy and interdisciplinary skills. In addition, this includes the ability to work effectively in virtual teams and
adapt to new technologies and digital workflows and the use of various digital tools and platforms. Moreover, the
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pandemic has required individuals to analyze and interpret data and identify patterns and trends to develop and
implement solutions to complex problems. Computational Thinking (CT) has gained considerable attention for its
agile approach to solving complex problems (Gong et al., 2020; Tang et al., 2020; Wing, 2006). Computational
thinking skills refer to understanding and using computational concepts and techniques to solve problems and create
new systems and technologies (NGSS Appendices | Next Generation Science Standards, n.d.).
COVID-19 has significantly illustrated the importance of computational thinking skills, since addressing the
challenges posed by the pandemic has become increasingly dependent on the use of technology and data. CT skills
have been employed, for example, to analyze and interpret data concerning the spread and impact of the pandemic, to
develop algorithms and machine learning models to identify possible treatment options and predict the spread of the
virus, and to design and develop new technologies and systems to assist in response to the pandemic, including
ventilators, personal protective equipment, and telemedicine platforms. In summary, the COVID-19 pandemic has
demonstrated the importance of computational thinking skills in solving complex problems and adapting to rapidly
changing circumstances. As a result, CT skills will remain in demand in the post-pandemic job market.
2.2 Impact of COVID-19 on my research activities
My research study aims to determine whether incorporating Virtual Reality (VR) technology into engineering
curriculums could significantly improve the CT capabilities levels of engineering students enrolled in historically
black colleges and universities (HBCUs). As part of the study, quantitative and qualitative approaches are employed
to examine the effect of VR on engineering students' CT capabilities when exposed to VR cybersecurity-additive
manufacturing training. With the transition to online learning at my university, the COVID-19 pandemic has
significantly impacted my education research efforts, which relied on direct classroom observation and in-person
interviews of students and educators.
The pandemic has also led to a shift in research priorities. As a result of the pandemic, several researchers have
focused on how the pandemic impacts education and workforce development. For example, the pandemic allowed
researchers to investigate the effectiveness of online learning, the challenges and opportunities of emerging technology
in STEM education after the pandemic, and the impact of the pandemic on students' achievement and well-being.
Additionally, the pandemic has highlighted the importance of equity and accessibility in education, since
disadvantaged students may be more affected by disruptions to education and may have more difficulty accessing
technology and other resources required for online learning due to the disruptions to education. Consequently, a greater
focus has been placed on researching how the pandemic has impacted education equity and how to resolve these
issues.
In general, the COVID-19 pandemic has significantly impacted my education research, both in terms of its
focus and methods of conducting it.
3.0 Discussion
3.1 Emerging technology and STEM education
The COVID-19 pandemic has accelerated the adoption of emerging technologies in STEM education to
improve the learning experience of students. Recently, researchers have stressed the importance of using digital tools
to provide students with the opportunity to engage in real-life hands-on projects (Ng et al. 2022). Students utilize these
emerging technologies to apply their knowledge and skills to real-world problems and projects in STEM education,
bridging the gap between theory and practice (Akbar et al., 2018; Aldowah et al., 2017; Calvet et al., 2019; Dong,
2016; Gong et al., 2020).
For example, through VR, students explore and interact with virtual environments and simulations in an
immersive learning environment. Robotics and AI also engage students in hands-on, project-based learning while
adapting and personalizing it to their abilities and needs (Chang et al., 2018; Charmonman & Mongkhonvanit, 2015;
Chen, 2020; He et al., 2016; Majeed & Ali, 2018; Gandedkar et al., 2021). Emerging technologies in STEM education
are also associated with security, privacy, equity, and accessibility concerns. Educators are also concerned with
instructional design strategies incorporating emerging technologies and student attitudes and perceptions regarding
the use of emerging technologies.
3.2 The Internet of Things (IoT) Technology
In IoT technology, physical objects are connected to the internet via sensors and software to allow data to be
shared and exchanged without the need for human interaction. As a result of IoT technology, physical devices can
become intelligent/smart by integrating sensors, software, and processing capabilities. IoT bridges the gap between
the virtual and physical worlds, leading to a new ubiquitous learning and training approach (Kassab et al. 2018). IoT
will facilitate collaboration and interactive tools, simulation technology, virtual learning environments, and effective
learning management systems (LMS) (Ur Rahman et al. 2016). According to Aldowah et al. (2017), IoT technology
features include IoT-enabled boards, eBooks, mobile devices, virtual reality devices, education software applications,
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smart door locks, collaborative learning, attendance tracking, and an Intelligent Tutoring System (ITS). These features
connect academia worldwide to provide an in-depth interactive learning experience that connects academics
worldwide.
IoT technology provides many benefits to education, including student-centered learning, interactive learning,
gamification, and a collaborative learning platform that promotes cognitive skills, access to real-time student
performance, and personalized learning that promotes student motivation and engagement (Hughes et al., 2020
;Majeed & Ali, 2018). For example, in science and engineering applications, embedded sensors can provide
information about weather patterns, air quality, and other factors, which can be used to support projects and activities
related to science and engineering. Similarly, the IoT can enhance students' understanding of complex systems and
phenomena by providing them access to real-world data and experiences, such as virtual fieldwork or data collection
from remote locations. Aside from supporting project-based and experiential learning in STEM education, IoT allows
students to design, build, and test their own IoT devices and systems. As a result, students can develop critical thinking,
problem-solving, and creativity skills.
However, it is essential to note that using IoT in STEM education raises many security, ethical, and privacy
concerns. Therefore, to realize its full potential in STEM education, students and faculty must understand the risks
and benefits of the IoT and be capable of making informed decisions about its use.
3.3 Artificial Intelligence (AI).
Artificial intelligence (AI) is an emerging field that applies computer science to developing intelligent systems
capable of performing tasks that require human intelligence to solve real-life problems. The AI process include
learning, problem-solving strategies, visual perception, speech recognition, pattern recognition, and language
translation, as well as statistical models for decision making. Some of the most popular branches of AI include Data
Science, Machine Learning (ML), Artificial Neutral Networks (ANN), Natural Language Processing (NLP), and Deep
Learning (DL), which are in high demand across a variety of industries (Kranov & Khalaf, 2016; Azmat et al., 2020;
Daniel, 2015).
Over the last few decades, AI has become a recurrent topic in academia and industry due to its wide range of
applications. One potential impact of AI in STEM education is the ability to personalize and adapt learning to the
needs and abilities of individual students. AI-powered learning systems analyze student data and provide customized
feedback and recommendations, helping students to progress at their own pace and providing them with the support
they need to succeed. AI can also be used to support project-based and experiential learning in STEM education by
providing students with the opportunity to work with and experiment with real-world data and systems. For example,
AI can be used to analyze data from scientific experiments or to simulate complex systems and processes, providing
students with valuable hands-on experience with emerging technologies (Yang, 2022).
There are, however, issues related to equity and accessibility, data privacy, and ethical considerations that are
raised using artificial intelligence in STEM education.
3.4 Immersive Technologies
Many immersive learning experiences and simulations are created using Virtual Reality (VR) and Augmented
Reality (AR), which allow students to explore virtual environments and concepts in a manner they cannot experience
in their physical environment. In virtual reality, a 3D environment is created by incorporating visual, auditory,
kinesthetic, and tactile interaction components that allow users to interact with the virtual environment (Dong, 2016;
Fahim et al., 2019). VR is viewed using Cave automatic virtual environments (CAVEs) or Head-mounted displays
(HMDs). CAVEs are immersive VR with a high level of fidelity. CAVEs are rooms that display computer-generated
3D images on the walls using projectors. An HMD typically comprises goggles attached to the head with a display in
front of the user's eyes.
The benefits of VR in STEM education have been highlighted in several studies as it offers students hands-on
experiences and practical training to develop cognitive skills and increase student engagement. VR allows students to
create, develop, and test their virtual reality applications and experiences in a safe and cost-effective environment.
Complex systems and virtual worlds can be simulated with VR, and virtual field trips can be conducted. By allowing
students to address real-life problems through VR, they develop critical thinking, problem-solving, and creativity (ElMounayri et al., 2016; F. M. Dinis et al., 2017; Halabi, 2020; Radianti et al., 2020).
While VR is a necessary component of STEM education, it also raises issues related to health concerns, equity,
and accessibility. Imperative to realizing VR's full potential in education is ensuring that all students have access to
and can utilize VR resources effectively.
3.5 Cybersecurity
Today's digital world presents a critical challenge to cybersecurity, and students in STEM fields are encouraged
to be well informed about the principles and practices of cybersecurity. The importance of cybersecurity cannot be

3

overstated as it protects sensitive information and systems from cyberattacks, which can be catastrophic for
organizations, individuals, and even entire nations. During cyberattacks, sensitive information can be stolen or lost,
critical services may be disrupted, and financial losses can result. The education of individuals about cybersecurity
can help to prevent and reduce these threats. In addition, incorporating cybersecurity training into STEM education
can provide students with the knowledge and skills necessary to develop secure systems and applications and protect
themselves and others from cyber threats.
Additive Manufacturing (AM) systems are vulnerable to cyber-attacks since they rely on the internet to link
digital and physical manufacturing environments (Beckwith et al., 2022; Rambabu et al., 2021). Cyber-attacks on AM
systems often attempt to compromise data integrity, confidentiality, or availability. Consequently, an attack on
confidentiality may compromise intellectual property rights for highly confidential production files. In the event of an
attack on integrity, a production line's design or configuration files may be altered, leading to unwanted product
changes. In addition to affecting the functionality of manufacturing machines, availability attacks can slow down the
production process (Calderón & Izquierdo, 2020; Corallo et al., 2022; Mahesh et al., 2021).
The demand for cybersecurity professionals continues to increase as cyber threats, and the rapid adoption of
emerging technologies continue to increase. In addition, students pursuing careers in STEM fields may also benefit
from acquiring a solid foundation in cybersecurity, as many industries, including information technology, engineering,
manufacturing, healthcare, and government and military organization, require cybersecurity specialists. Education
about cybersecurity is essential to promoting digital citizenship and good online behavior. Increasingly, our lives are
conducted online, so individuals must be aware of how to protect their own information and the information of others,
and how to use the internet ethically and responsibly.
To conclude, cybersecurity education is essential for securing sensitive information and systems, for meeting the
growing demand for cybersecurity professionals, and for promoting good online behavior and digital citizenship.
4.0 Conclusion
During the pandemic, educational institutions relied on technology to create digital learning environments instead
of traditional in-person instruction. Additionally, the rapid shift from in-person to online learning demonstrated the
importance of technology in education. Through COVID-19, various types of remote and digital learning were created
using technologies like Zoom, Virtual Reality, Google Classroom, and other collaborative tools. As a result of the
COVID-19 pandemic, education research activities were also significantly impacted in terms of their focus and
methods.
The pandemic has also led to a shift in research priorities, several researchers have focused on how the pandemic
impacts education and workforce development. Additionally, the pandemic has highlighted the importance of equity
and accessibility in education. Science and engineering enterprises demonstrated their ability to address urgent global
needs through COVID-19 pandemic. Furthermore, the pandemic highlighted the importance of computational thinking
skills for solving complex problems and adapting to rapid change. Therefore, CT skills will remain in demand in the
post-pandemic job market.
However, despite the great potential these emerging technologies have in STEM education in the post-pandemic
era, relatively little research has been conducted on the application of these technologies in higher education,
particularly engineering education (W. Yang 2022; T. Wang & Cheng 2021; T et al. 2020; K. Zhang and Aslan
2021)). Additionally, these emerging technologies raise issues related to equity and accessibility, data privacy, and
ethical concerns in STEM education.
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